A t about 74° C. ordinary resorcinol (a-resorcinol) undergoes a tra n s form ation into a denser crystalline modification, called //-resorcinol (Ubbelohde and R obertson 1937), and a com parison of these two structures is of considerable general interest for the problem of interm olecular bonding in hydroxylic compounds. The crystalline stru ctu re of a-resorcinol has already been fully determ ined (R obertson 1936), and th e present paper gives a corresponding X -ray determ ination of the stru ctu re of //-resorcinol. The com paratively open stru ctu re of a-resorcinol, which is ap p aren tly m ain tained by the directive power of the hydroxyl bonds, is replaced in //-resor cinol by a more parallel and com pact arrangem ent of th e molecules, rem inis cent of m any hydrocarbon structures. Several different factors are involved in this transform ation, and it is accom panied by some deform ation of the resorcinol molecule. The results are discussed more fully in relation to th e therm odynam ic properties of resorcinol in the following p aper (P art II). No molecular sym m etry. Volume of the u n it cell = 547 A3. A bsorption coefficient for X -rays, A = 1-54, /t = 9-68 per cm. T otal num ber of electrons per u nit cell = F(000) = 232. The space group is th e same as for a-resorcinol (loc. cit.), and hence the same structure factor and electron density formulae are applicable. (For a-resorcinol, a = 10-53, b = 9-53, c = 5-66 A.)
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Crystal datâ
-Resorcinol: C6H 60 2; M = 110; m elting-point 109-calculated, 1-327; orthorhom bic pyram idal, a = 7-91 + 0-01, = 12-57 + 0-02, c = 5-50 + 0-01 A. Space group, C^K (Pna). F o u r molecules per u n it cell. No molecular sym m etry. Volume of the u n it cell = 547 A3. A bsorption coefficient for X -rays, A = 1-54, /t = 9-68 per cm. T otal num ber of electrons per u nit cell = F(000) = 232. The space group is th e same as for a-resorcinol (loc. cit.), and hence the same structure factor and electron density formulae are applicable. (For a-resorcinol, a = 10-53, b = 9-53, c = 5-66 A.)
E xperimental measurements and structure analysis
The hab it of //-resorcinol is quite different from th a t of a-resorcinol (see P a rt II, fig. 4 , P late 8), and even when they are crystallized together there is no difficulty in picking out the long th in plates, or laths, which are characteristic of the //-form. These are elongated in the c axis direction, and [ 122 ] the large face of the lath is the (100). Small (MO) side faces are frequently observed, b ut no well-developed end-faces were noted. The X -ray work was carried out in a m anner similar to th a t described for a-resorcinol (Robertson 1936) , with copper Ka radiation and photographic methods. Owing to the shape of the /^-crystals, however, the p ath of the X -ray beam through the specimen is not the same for all the reflexions in a given zone, and it was necessary to calculate correction factors for the intensities. These were obtained roughly by evaluating a mean p ath for the beam through the crystal in each different reflecting position and applying the calculated absorption coefficient. U ncertainties remain owing to the divergence of the beam, and to some of the crystal specimens being slightly bent, b u t as the specimens employed were small (e.g. 0-091 and 0*0585 mg.) the final results should be of about the same accuracy as those obtained for a-resorcinol.
The structure factors, F, in absolute units, were calculated from the intensity measurements by the usual formulae, and the results are given in Table I under "F m easured" .
In the analysis of the structure it was necessary in the first place to obtain an approxim ate solution by trial. Comparing the cell dimensions with those of a-resorcinol, we observe th a t while the c axes remain of nearly the same length, the 6 axis in /^-resorcinol has increased by 3*0 A., and the a axis has diminished by 2*6 A. This suggests th a t in the two crystals the molecules m ay be inclined a t similar angles to the c axes, but th a t in the /?-crystals they have turned round to align themselves more nearly in the 6-axis direction. This is confirmed by the intensities of the principal reflex ions, the (200) being much the strongest reflexion in the (M 0) zone of /?-resorcinol, while (020) is comparatively weak.
Beyond these preliminary indications there are very few outstanding features in the spectra of /?-resorcinol, and the exact analysis proved to be a difficult m atter. We can assume, for the trial structures, a rigid molecular model of dimensions similar to those already found in the case of a-resorcinol. I t then remains to find the orientation of this model with respect to the crystal axes, and also its position with respect to the dyad screw axis of symmetry, which introduces two further parameters. I t was hoped th a t measurements of the diamagnetic susceptibilities would help to define the orientation, but the first results proved to be ambiguous, and only confirmed the preliminary indications noted above. The latest magnetic results which have been obtained by Mrs Lonsdale, however, are now sufficiently accurate to confirm the orientation derived from this analysis.
I t is perhaps unnecessary to describe the details of the trial analysis.
Various possibilities were eliminated, and finally sufficient accuracy was obtained to enable the phase constants of about 50 reflexions in the (hkO) zone to be calculated w ith reasonable certainty. From this stage the co-ordinate values were refined in a straightforw ard m anner by the applica tion of two successive double Fourier syntheses to the (MO) structure factors. The results of the final Fourier synthesis are represented by the electron density contours of fig. 1 , which cover the asymm etric unit of the crystal (one chemical molecule). In this projection, along the c-axis, the dyad screw axis is equivalent to a centre of symmetry. The complete unit cell contains four molecules, and their relative arrangem ent is shown in figs. 2 and 4. These diagrams should be compared w ith figs. 1, 2 and 8 for a-resorcinol (Robertson 1936) . The final synthesis included all the observed (MO) structure factors, listed in Table I , and the phase constants employed (a) were subsequently verified by recalculation from the co-ordinates finally assigned to the atoms (Table II) . The Fourier series for the electron density was summed a t 450 points on the asym m etric unit, a t intervals of 12° or 0*264 A on the a-axis, and 6° or 0*209 A on the 6-axis, and th e m aps were prepared by graphical interpolation from these sum m ation totals. 
D imensions and ORIENTATION OF THE MOLECULE. Co-ordinates
All the atom s in the molecule are resolved in fig. 1 , and the positions of their centres can be determ ined w ith accuracy. I t is found th a t the projec tion of a regular plane hexagon can be inscribed on the benzene ring, and th e corners are indicated by crosses in fig. 1 . The tru e positions of the carbon atom s m ay depart from these regular points by am ounts varying from 0*02 to 0*05 A (at atom B), but these apparent departures from regularity can probably be ascribed to experim ental errors in determining the structure factors and to imperfect convergence of the Fourier series.
We assume the carbon atoms to be a t the m arked points, and we further assume th a t the regular hexagon of which this is a projection has the usual benzene ring carbon-carbon distance of 1*39 A. I t is then easy to obtain the complete orientation of the molecule, which can be described by giving the angles which the lines L and M and their normal N ( fig. 3) The positions of the hydroxyl groups, O and H , are also marked in fig. 1 . These are found to depart from the symmetrically disposed positions by small bu t apparently definite amounts, as can readily be seen by producing the lines AD and CF. Instead of lying on the extensions of these lines, O and H are both found to be displaced in an anticlockwise direction.
The projection of the structure in fig. 1 gives no information as to whether the hydroxyl groups are also displaced out of the plane of the benzene ring, and this m atter m ust now be examined by means of the structure factors from other zones of planes. The displacement of the group G from the symmetrical position is small (< 3°), and we may assume it to lie in the plane of the ring w ithout serious error. W ith regard to the group H, two positions were tested. (1) I t was assumed to remain in the plane of the ring. (2) I t was displaced out of the plane of the ring in a direction which would decrease the intermolecular approach distances of neighbouring hydroxyl groups, and also give a minimum total displacement from the symmetrical position. This movement requires the oxygen atom H to lie a t 0*08 A above the plane of the benzene ring. The co-ordinates were calculated for these two positions, and the resulting structure factors for the (00Z) series of planes are compared below.
These results are strongly in favour of the second alternative. Further calculations of the (0kl) and (hOl) structure factors (Table I) is small. In calculating the rem ainder of th e stru c tu re we assum e the second alternative (H a t 0-08 A above plane of ring), b u t it should be noted th a t th e z co-ordinates of the oxygen atom s are u n certain to a b o u t + 0-04 A. A second Fourier projection along the a crystal axis m ight settle th e positions more definitely, b u t the experim ental m easurem ents a t present available do n o t justify this course, and as such a projection w ould display no centre of sym m etry, the work would be extrem ely tedious. is 0-08A ab o v e th e p la n e o f th e ring.
I t will be noted th a t for the two carbon-oxygen distances we obtain almost the same result as was found for a-resorcinol, viz. 1*36 A. These results are expressed in Table II , where the co-ordinates of the atoms are referred to the molecular axes and the centre of the benzene ring as origin. From fig. 1 , the co-ordinates of the centre of the benzene ring with respect to the dyad screw axis are given by Xq = 1-874 A, y0 = 0-856 A. The atomic co-ordinates referred to the crystal axes are given in Table III . The origin of the x and y co-ordinates is taken on a dyad screw axis, while the z co-ordinates are referred to an arbitrary origin a t the centre of the benzene ring. It will be noted th a t while the x and y co-ordinates can be obtained by direct measurement of the Fourier projection diagram, the z co-ordinates can only be obtained from the calculated orientation discussed above. The agreements obtained between the calculated and observed structure factors, however, are quite satisfactory, showing th a t the whole structure is essen tially correct.
The calculated F values are based on an average hydrocarbon /-curve (Robertson 1935), the scattering power of the hydroxyl groups being weighted with respect to th a t of the carbon atoms in the ratio of 3 : 2. This is an 9-2 approxim ate treatm ent only, and of course it has no effect on the Fourier projection, which is based on the measured F values. I t will be noted, however, th a t the calculated F values tend to be lower th a n the measured values, especially for the small spacing planes (large sin and, in fact, to obtain the best average correlation the calculated values m ust be increased by a factor of about 1-3. I t does not seem likely th a t the absolute scale of the measured values can be in error by as much as this, and the result is probably due to the tem perature factor being abnorm ally low for /7-resor cinol, which is in keeping w ith the relatively high density of the structure (1-327). Similar results have previously been obtained for other compounds (Robertson 1935) .
In Table I the average correlating factor of 1-3 has not been applied to the calculated F values. W hen this is done, the average discrepancy between the measured and calculated F values for the (MO) reflexions, expressed as a sum of the individual discrepancies divided by the sum of the measured values, is only 11-3 %, rath er better th an is ususally obtained in work of this kind.
As a m atter of interest, the oxygen atom H was now moved to the symmetrical position, i.e. on to the extension of the line AD, and the (MO) structure factors were recalculated on this basis. The discrepancies were found to increase to 17-5 %, thus showing in a very definite m anner th a t the distortion of the molcule is a real effect.
I ntermolecular distances and arrangement OF MOLECULES IN THE CRYSTAL
The way in which the molecules are grouped together in the crystal will be clear from figs. 4, 5 and 6, which are projections of the structure along the three crystallographic axes. In these diagrams the atom s are indicated by letters (in conformity w ith figs. 1 and 3 and Table III), while the numbers on the molecules indicate the four asymm etric units in the structure which have the equivalent points: (1) x ,y ,z; (2) (3) i + z; (4) \ + x, \ -y , z.
The shortest distances between the hydroxyl groups on neighbouring molecules are indicated by dotted lines. These represent the " hydroxyl bonds , and their lengths, 2-75 and 2-70 A, appear to be slightly greater th an the corresponding distances in a-resorcinol (mean 2-70 A), and slightly less than the bonds in ice (2-76 A). The angles between the hydroxyl bonds in /7-resorcinol, however, are 97 and 123° compared w ith 102 and 106° in a-resorcinol. I his greater distortion from the tetrahedral value is significant, and is discussed in the following paper. The magnitudes of all the angles are indicated in fig. 4 .
The projections are rather deceptive with regard to the disposition of the bonds in space. In fig. 4 , the G ---H bonds of 2-75 A between molecules 1 and 2 do not form a closed circuit, but return to a molecule one translation 2 -7 The greatest difference between the structures of a-and /^-resorcinol lies in the more parallel and compact arrangement of the molecules in the /^-crystal, resulting in a higher density (T327 instead of T278 in a-resorcinol).
The packing in ^-resorcinol is, in fact, more typical of a hydrocarbon th an of a hydroxylic compound. This is shown most clearly in fig. 6 , where the molecules are viewed nearly end on, and are seen to approxim ate to a layer structure. i i i As in the case of a-resorcinol, it is found th a t there are two distinct types of intermolecular approach. There are the hydroxyl bonds of 2*70-2*75 A, and the ordinary van der Waals approaches of 3*4 A and upwards, bu t no interm ediate distances. All the intermolecular distances below 4 A have been calculated from the co-ordinates, and are given in Table IV . Letters indicate atoms, suffixes the molecule, and an accent indicates a molecule one translation further along the c-axis (which cannot be shown in fig. 4 ). Table IV 
Summary
The structure of the dense, high tem perature modification of resorcinol has been fully determined by means of a quantitative X -ray investigation. The structure is characterized by a more compact and parallel arrangem ent of the molecules than in ordinary resorcinol, which is a rather open arrange ment. The benzene rings are apparently regular hexagons to within 0*05 A, b u t the OH groups are definitely displaced from the symmetrical positions, and one of them a t least is also displaced out of the plane of the ring. The carbon-oxygen distances are 1*36-1*37 A, as in ordinary resorcinol. The orientation of the molecule in the crystal and the atomic co-ordinates are given. Hydroxyl bonds of length 2*70 and 2*75 A connect neighbouring molecules in the crystal, but the angles between these bonds are further distorted from the tetrahedral value than in ordinary resorcinol. All other intermolecular distances are greater than 3*4 A.
